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CLAIMS 



[Claim(s)] 

[Claim l] Vapor growth equipment characterized by connecting the pressurized container 
which equipped said gas supply Rhine with a temperature sensor and two or more 
pressure switches in the vapor growth equipment which carried the massflow controller in 
gas supply Rhine. 

[Claim 2] In the vapor growth equipment which carried the massflow controller and the 
pressurized container equipped with a temperature sensor and two or more pressure 
switches in gas supply Rhine (l) - the process (2) which fills up said pressurized container 
with the gas or the nitrogen gas which said massflow controller specifies -■ the process (3) 
which sets an instant flow rate as said massflow controller - the gas with which said 
pressurized container was filled up the process (4) led to said massflow controller by 
actuation of a bulb etc., after the instant real flow rate of said massflow controller is 
stabilized The proofreading approach of the massflow controller in vapor growth 
equipment characterized by repeating the process which measures the amount of pressure 
variation, its duration, and gas temperature in a pressurized container once or more. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the proofreading approach of the 
massflow controller in the vapor growth equipment which carried the massflow controller 
especially as a quantity-of-gas-flow control means among the equipment which 
manufactures semi-conductor single crystals and various kinds of inorganic compounds 
including silicon, and said vapor growth equipment. 
[0002] 

[Description of the Prior Art] In recent years, many massflow controllers came to be 
carried in vapor growth equipment instead of the area flowmeter as the equipment which 
controls the flow rate of gas being in use. As a description of a massflow controller, since 
there is no operation part, it is mentioned that a flow rate value is easily [ from the outside 
which cannot be easily influenced / with little generating of particle / of pressure 
fluctuation ] changeable etc. From these descriptions, it is clean and came to be carried in 
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the vapor growth equipment represented by the semiconductor fabrication machines and 
equipment moreover automated by altitude. On the other hand, a close-up of the trouble 
which a massflow controller holds also came to be taken. That is, it is lock out of the gas 
passageway in electric malfunction or a massflow controller. Since these troubles originate 
in generating of the electric harsh environment of the source of high frequency and others 
of the massflow controller circumference, or the particle in a duct and an overrun and 
defective generating of a process are caused, solution of said trouble or development of a 
check means is demanded from the field of safety and economical efficiency. 
[0003] 

[Problem(s) to be Solved by the Invention] An example of the proofreading approach of the 
massflow controller by the Prior art to vapor growth equipment is shown in drawing 3 . In 
this drawing, massflow controllers 41, 42, and 43 are installed, respectively on each ducts 
1 1 and 12 which result in the reaction container which is not illustrated from the chemical 
cylinders 1, 2, 3, and 4 filled up with mono-silane gas (SiH4), disilane gas (Si two H6), the 
hydrogen gas for carriers, and nitrogen gas, and 13. Usually, after a massflow controller 
proofreads, it is used. Moreover, it is necessary to perform recalibration or a check of 
operation periodically. The soap film flow meter has been used for proofreading of the 
massflow controller of a precision and a few flow rate from the former. A soap film flow 
meter is equipment which proofreads that volume from the distance in which the thin soap 
film is stretched and the soap film moves the gas of a constant rate into a sink and unit 
time amount from one side of this soap film into the glass tube by which measuring was 
carried out to the precision in the inside of a glass tube. As a massflow controller is usually 
removed from gas supply Rhine in the case of proofreading or it is shown in drawing 3 , a 
part of duct 13 is cut off, the temporary piping 18 is used for the part, a soap film flow 
meter 61 is connected, and the massflow controller is proofread. . By such proofreading 
approach, there is a trouble of gas supply Rhine receiving the contamination from 
atmospheric air, or requiring time amount great to proofreading preparation, in the case of 
installation of temporary piping, and removal. Moreover, it is unsuitable for proofreading 
of a large flow rate massflow controller on the relation using the soap film, and there is 
troublesomeness of having to exchange a glass tube according to the flow rate range of a 
massflow controller. 

[0004] On the other hand, the calibrator which carried the criteria massflow controller 
instead of the soap film flow meter is also used so that it can respond also to a large flow 
rate massflow controller. However, also when using this calibrator, there is a problem that 
must prepare a criteria massflow controller with a flow rate range near the massflow 
controller which it is going to proofread like the case of a soap film flow meter, or gas 
supply Rhine receives contamination from atmospheric air. There is equipment which can 
check the actuation carrying the massflow controller other than these in gas supply Rhine. 
If this equipment has the power source with which the massflow controller is usually 
equipped, a flow rate setter, a flow rate drop, etc., and does not tend to check the real flow 
rate value over the setting quantity of gas flow of the body of a massflow controller and it is 
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not necessary to prepare how many kind thing criteria massflow controller, it will not have 
fear of contamination, either. However, with such equipment, to the power source for 
massflow controllers carried on gas supply Rhine, a flow rate setter, and a flow rate drop, it 
becomes the outside of the object of a check of operation, for example, even if these devices 
break down according to an electric harsh environment, the detection cannot be performed. 
This invention was not made paying attention to the above-mentioned conventional 
trouble, and aims at offering the proofreading approach of the massflow controller in the 
vapor growth equipment and vapor growth equipment which can perform easily the check 
of operation and proofreading of a mass flow Osystem, without polluting gas supply Rhine. 
[0005] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, the vapor 
growth equipment concerning this invention In the vapor growth equipment which carried 
the massflow controller in gas supply Rhine Consider as the configuration which connects 
the pressurized container which equipped said gas supply Rhine with a temperature 
sensor and two or more pressure switches, and the proofreading approach of the massflow 
controller in such vapor growth equipment In the vapor growth equipment which carried 
the massflow controller and the pressurized container equipped with a temperature sensor 
and two or more pressure switches in gas supply Rhine (l) - the process (2) which fills up 
said pressurized container with the gas or the nitrogen gas which said massflow controller 
specifies - the process (3) which sets an instant flow rate as said massflow controller the 
gas with which said pressurized container was filled up the process (4) led to said massflow 
controller by actuation of a bulb etc. - after the instant real flow rate of said massflow 
controller was stabilized, it decided to repeat the process which measures the amount of 
pressure variation, its duration, and gas temperature in a pressurized container once or 
more. 
[0006] 

[Function] Since according to the above-mentioned configuration the pressurized container 
which equipped gas supply Rhine of existing vapor growth equipment equipped with the 
massflow controller with a temperature sensor and two or more pressure switches was 
connected and it considered as the proofreading means of a massflow controller, it becomes 
unnecessary to cut off gas supply Rhine like before on the occasion of proofreading each 
time. Therefore, contamination of gas supply Rhine can be prevented completely. Since 
proofreading of a massflow controller considered as the approach of measuring the instant 
flow rate which led the gas or the nitrogen gas which the massflow controller with which 
said pressurized container was filled up specifies to said massflow controller by actuation 
of a bulb etc., and set it up according to the massflow controller, and an instant real flow 
rate, it is an easy procedure and can proofread automatically the mass flow C-system not 
only containing a massflow controller but an exclusive power source, an instant flow rate 
setter, an instant flow rate drop, etc. 
[0007] 

[Example] The example of the proofreading approach of the massflow controller in the 
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vapor growth equipment and vapor growth equipment which are applied to this invention 
below is explained with reference to a drawing. The configuration of vapor growth 
equipment consists of a gas transfer unit, a reaction container, and an exhauster simply. 
Although drawing 1 is the block diagram of a gas transfer unit among vapor growth 
equipment, it is equipped with an automatic valve 21, a massflow controller 41, and an 
automatic valve 25 on the duct 11 which results in the reaction container which is not 
illustrated from the chemical cylinder 1 filled up with mono-silane gas (SiH4), and is 
equipped with the automatic valve 22, the massflow controller 42, and the automatic valve 

26 on the duct 12 which results in the reaction container which is not illustrated from the 
chemical cylinder 2 filled up with disilane gas (Si two H6). Moreover, on the duct 13 from 
the chemical cylinder 3 filled up with the hydrogen gas as carrier gas to said reaction 
container, it is equipped with automatic valves 23, 27, and 28 and a massflow controller 43, 
respectively, and is equipped with the automatic valve 24 on the duct 14 connected to said 
duct 13 from the chemical cylinder 4 filled up with nitrogen gas. It is equipped with an 
automatic valve 29 on the duct 15 which connects said duct 12 and the part pinched by the 
automatic valves 23 and 27 of a duct 13, and is equipped with the automatic valve 30 on 
the duct 16 which connects a duct 11 and the part pinched by the automatic valves 23 and 

27 of a duct 13. 

[0008] A branched pipe 17 is connected to the part pinched by the automatic valves 23 and 
27 arranged on said duct 13, and it is equipped with the automatic valve 31 on this 
branched pipe 17. The branched pipe 17 is connected to the pressurized container 51 of 
suitable content volume. This pressurized container 51 is equipped with a resistance bulb 
52, and two or more pressure switches 53 and 54 and ... A pressure transducer may be used 
instead of a pressure switch. Control of this equipment equips the object for a flow rate 
setup of a massflow controller, and temperature data incorporation of gas with an analog 
I/O module using a sequencer. Closing motion of an automatic valve is performed by said 
sequencer. Except the time of the check of a massflow controller of operation, nitrogen gas 
is enclosed in the pressurized container. In this example, although one pressurized 
container was prepared in gas supply Rhine of vapor growth equipment, it is good also as a 
configuration which does not restrict to this and prepares the pressurized container of 
dedication according to each massflow controller, respectively. 

[0009] Proofreading of a massflow controller is performed as follows. First, the nitrogen gas 
in piping from a pressurized container 51 and the pressurized container 51 to each 
massflow controllers 41, 42, and 43 is discharged after opening and closing a required 
automatic valve using the vacuum pump formed in the downstream of a reaction container, 
and it is made a vacuum. Next, the specification of the massflow controller which it is going 
to proofread, and gas of the same kind are introduced in a pressurized container 51, and 
are pressurized. After reaching a predetermined pressure, the monitor of the temperature 
data from a resistance bulb 52 is carried out, and it is left for a while until temperature 
becomes fixed. Then, in order to lead gas to a massflow controller, a required automatic 
valve is opened at the same time it sends a flow rate setting signal to a massflow controller 
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from a sequencer. The soft start of the massflow controller may be carried out at this time. 
The pressure in a pressurized container 51 declines gradually, and if the 1st pressure 
switch 53 is turned on, it is begun to count time amount with the timer built in the 
sequencer. The pressure in a pressurized container 51 declines further, and if the 2nd 
pressure switch 54 is turned on, the count by said timer will be stopped. An instant real 
flow rate is computed from the differential pressure in the pressurized container 51 
produced in the meantime, the temperature of the duration and gas, and the content 
volume of a pressurized container 51, and it proofreads as compared with the instant flow 
rate set up beforehand. 

[00 10] When it needs to be rehabilitated about two or more flow rate values, the flow rate 
setting signal from a sequencer to a massflow controller is switched to arbitration, and the 
procedure mentioned above is repeated. Moreover, when doing a proofreading activity by 
uninhabited, nitrogen gas etc. may be substituted, without using the specification of the 
massflow controller which it is going to proofread, and gas of the same kind. However, it is 
necessary to consider the conversion factor ratio of said real gas and substitution gas in 
that case. Furthermore, to demand that what is necessary is to perform only the check of a 
massflow controller of operation, using nitrogen gas etc., as calibration gas, an 
above-mentioned procedure can be performed only once and the approach of comparing the 
duration with the conventional time can also be taken. 

[001 1] In the vapor phase epitaxial growth system which equipped gas supply Rhine with 
the above massflow controller proofreading means, the silicon wafer was set in the reaction 
container and this was heated with the infrared lamp. When wafer temperature reached 
1010-degreeC, mono-silane gas and the hydrogen gas for carriers were introduced and 
epitaxial growth was performed, the specific resistance of an epitaxial film was 570 
ohm-cm. Next, it proofread using the proofreading means according the massflow 
controller for the object for mono-silane gas, and hydrogen gas to this invention, without 
cutting gas supply Rhine. And after checking that each aforementioned massflow 
controller was normal, when membranes were formed on the completely same conditions 
as the above, the specific resistance of the obtained epitaxial film was 580 ohm-cm. Change 
of specific resistance is as the continuous fine having shown to drawing 2 . 
[0012] In order to contrast with the above-mentioned result, in the vapor phase epitaxial 
growth system without the proofreading means by this invention, the silicon wafer was set 
in the reaction container and this was heated with the infrared lamp. When wafer 
temperature reached 1010-degreeC, mono-silane gas and the hydrogen gas for carriers 
were introduced and epitaxial growth was performed, the specific resistance of an epitaxial 
film was 600 ohm-cm. After the above-mentioned growth, from the reaction container, a 
part of Rhine of the downstream was cut off and proofreading of the massflow controller for 
the object for mono-silane gas and hydrogen gas was performed using the soap film flow 
meter. And after checking that each aforementioned massflow controller was normal, 
when membranes were formed on the completely same conditions as the above, the specific 
resistance of the obtained epitaxial film was 270 ohm*cm. As a result of repeating the 
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growth under the same conditions, the specific resistance of the obtained epitaxial film 
showed the recovery inclination gradually as the chain line showed it to drawing 2 , and 
returned to 6 batch eye mostly at the value of a basis. 

[0013] Furthermore, in the vapor phase epitaxial growth system without the proofreading 
means by this invention, the silicon wafer was set in the reaction container and this was 
heated with the infrared lamp. When wafer temperature reached 1010-degreeC, 
mono-silane gas and the hydrogen gas for carriers were introduced and epitaxial growth 
was performed, the specific resistance of an epitaxial film was 600 ohm-cm. After the 
above-mentioned growth, from the reaction container, a part of Rhine of the upstream was 
cut off and proofreading of the massflow controller for the object for mono-silane gas and 
hydrogen gas was performed using the soap film flow meter. And after checking that each 
aforementioned massflow controller was normal, when membranes were formed on the 
completely same conditions as the above, the specific resistance of the obtained epitaxial 
film was 120 ohm-cm. When the growth under the same conditions was repeated, the 
recovery inclination was gradually shown as the dotted line showed the specific resistance 
of the obtained epitaxial film to drawing 2 , but when it went through 15 batches, it did not 
return to a peach. The above result shows that the quality of epitaxial growth is greatly 
influenced by whether gas supply Rhine is cut off on the occasion of proofreading of a 
massflow controller. 

[0014] The platinum resistance 52 shown in drawing 1 , 5.0kg/cm2, 4.0kg/cm2, and 
2.5kg/cm2 In the vapor growth equipment which carried pressure switches 53 and 54 and 
the pressurized container 51 of 495.4ml of content volume equipped with ... in gas supply 
Rhine, the check of operation was performed about the massflow controller 41 for 
mono-silane gas for full-scale 500cc/carried as well as this vapor growth equipment. The 
nitrogen gas for the Rhine purge was used for the gas for a check. First, the inside of a 
pressurized container 51 was made into the vacuum using the vacuum pump attached to 
vapor growth equipment, and nitrogen gas was introduced after that. It is 5.0kg/cm2 with 
a pressure switch. Although the automatic valve 31 was stopped when detected, finally the 
pressure in a pressurized container 51 is 5.2kg/cm2 by the differential pressure dissolution 
in Rhine. It was stabilized after reaching. It was left for 10 minutes in this condition, and 
the temperature of gas was stabilized mostly. The gas temperature at this time was 
26.5-degreeC. At this time, from the sequencer, impression and in order to carry out a soft 
start and to lead gas to a massflow controller 41 from a pressurized container 51, 
automatic valves 25, 30, and 31 were opened in the massflow controller 41 for the analog 
setting signal of 2.5V (the instant flow rate setting channel range of a massflow controller 
41 is 0-5V / 0 - 100%). The flow rate of the gas which flows out of a massflow controller 41 
was stabilized immediately, and the pressure in a pressurized container 51 also declined 
gradually. Then, a pressure switch 53 is 5.0kg/cm2. It detected and the timer was set to 
this and coincidence. After 65.1 seconds and the 2nd pressure switch 54 are 4.0kg/cm2. It 
detected. 

[0015] Since it is P0V0/T0=P1V1/T1 when P and the volume are set to V and temperature 
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is set to T, the total amount of the nitrogen gas which flowed out of the pressurized 
container 41 during the count of a timer a pressure In 0-degreeC and one atmospheric 
pressure (specification of a massflow controller) VO/273 = (5.0-4.0) / 1.033x495.4/(273+26.5) 
It is Fr (N2) about the instant flow rate of V0=437.1 nitrogen gas. If it carries out Fr (N2) 
=V0/t it is - since - Fr (N2) =437.1/65.1x60=402.9 (a part for cc/) 

furthermore - if the conversion factor of mono silane gas and nitrogen gas is taken into 
consideration - Fr (SiH4) =Fr (N2) xC (SiH4) / C (N2) it is - since - Fr (SiH4) =402.9x0.63 
/ 1.01= 251.3 (a part for cc/) 

Although this result receives a part (a part for =500 cc/x 2.5 V/5.0V) for set-up instant flow 
rate value/of 250 cc and there is 0.5%, it can judge with actuation being normal. [ many ] 
[0016] Moreover, the platinum resistance 52 shown in drawing 1 , 5.0kg/cm2, and 
4.0kg/cm2 And 2.5kg/cm2 In the vapor growth equipment which carried pressure switches 
53 and 54 and the pressurized container 51 of 495.4ml of content volume equipped with ... 
in gas supply Rhine, the check of operation was performed about the massflow controller 
41 for mono-silane gas for full-scale 500cc/carried as well as this vapor growth equipment. 
The nitrogen gas for the Rhine purge was used for the gas for a check. First, the inside of a 
pressurized container 51 was made into the vacuum using the vacuum pump attached to 
vapor growth equipment, and nitrogen gas was introduced after that. It is 5.0kg/cm2 with 
a pressure switch. Although the automatic valve 31 was stopped when detected, finally the 
pressure in a pressurized container 51 is 5.2kg/cm2 by the differential pressure dissolution 
in Rhine. It was stabilized after reaching. It was left for 10 minutes in this condition, and 
the temperature of gas was stabilized mostly. The gas temperature at this time was 
26.5-degreeC. At this time, from the sequencer, impression and in order to carry out a soft 
start and to lead gas to a massflow controller 41 from a pressurized container 51, 
automatic valves 25, 30, and 31 were opened in the massflow controller 41 for the analog 
setting signal of 1.0V (the instant flow rate setting channel range of a massflow controller 
41 is 0-5V / 0 - 100%). The flow rate of the gas which flows out of a massflow controller 41 
was stabilized immediately, and the pressure in a pressurized container 51 also declined 
gradually. Then, a pressure switch 53 is 5.0kg/cm2. It detected and the timer was set to 
this and coincidence. After 161.1 seconds and the 2nd pressure switch 54 are 4.0kg/cm2. It 
detected. 

[0017] Since it is P0V0/T0=P1V1/T1 when P and the volume are set to V and temperature 
is set to T, the total amount of the nitrogen gas which flowed out of the pressurized 
container 41 during the count of a timer a pressure In 0-degreeC and one atmospheric 
pressure (specification of a massflow controller) VO/273 = (5.0-4.0) / 1.033x495.4/(273+26.5) 
It is Fr (N2) about the instant flow rate of V0=437.1 nitrogen gas. If it carries out Fr (N2) 
=V0/t it is - since - Fr (N2) =437.1/161.1x60=162.8 (a part for cc/) 

furthermore - if the conversion factor of mono-silane gas and nitrogen gas is taken into 
consideration - Fr (SiH4) =Fr (N2) xC (SiH4) / C (N2) it is - since - Fr (SiH4) =162.8x0.63 
/ 1.01= 101.5 (a part for cc/) 

Like the following, the analog setting signal of V and 4.0V was impressed to the massflow 
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controller, and a part for part 401.5 cc/for 2.0302.2 cc/for V and 3.0 value/of 200.8 cc 
corresponding to each signal was obtained from the sequencer. [ part ] The calibration 
curve which expressed the setting instant flow rate / instant real flow rate based on these 
data was acquired. 
[0018] 

[Effect of the Invention] Since it considered as the vapor growth equipment which 
connected the pressurized container equipped with a temperature sensor and two or more 
pressure switches to gas supply Rhine according to this invention as explained above and it 
is not necessary to cut gas supply Rhine on the occasion of proofreading of a massflow 
controller, vapor growth equipment is not polluted. To the equipment which follows, for 
example, dislikes contamination especially like the vapor phase epitaxial growth system 
for semi-conductors, it can consider as vapor growth equipment equipped with the very 
suitable proofreading means. And by using this vapor growth equipment, a massflow 
controller, an exclusive power source, an instant flow rate setter, an instant flow rate 
indicator, etc. are total, and can check the mass flow Osystem carried in Rhine, moreover, 
the control system very generally carried to vapor growth equipment - using - 
uninhabited and it is full automatic and proofreading and the check of operation of a 
massflow controller can be performed. Furthermore, in this invention, since a pressurized 
container, a temperature sensor, a pressure switch, etc. are comparatively cheap things 
and the device required for proofreading of a massflow controller is constituted, an initial 
cost is low and ends. Moreover, since proofreading of a massflow controller and the 
preparation for a check of operation are unnecessary entirely, the man day of proofreading 
/ actuation check activity can be reduced. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing ll It is the block diagram of gas supply Rhine among the vapor growth 
equipment by this invention. 

[Drawing 21 It is drawing having shown transition according to batch about the specific 
resistance of this invention and the epitaxial growth film after the massflow controller 
proofreading by the conventional approach. 

[Drawing 31 It is the explanatory view showing the proofreading approach of the massflow 
controller by the Prior art. 
[Description of Notations] 

21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31 Automatic valve 
41, 42, 43 Massflow controller 

51 Pressurized Container 

52 Temperature Sensor (Resistance Bulb) 

53 54 Pressure switch 
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<fc o & SttB ft S g *5 1 1 § v X 7 n - a > h a - 5 © 
£ tf^!&{I<DEX3X^ >y nzffipLrcRt>m-&t *#X#t 

(1) m^*7ri-=i>hu-5<Dm7£-?2>J]X£rc 

(2) tulHTX^n-n^ha-^lc^M^r^-r 10 

(3) ituiEE^S§§fc3<£«Lfc;tfX£\ /Vl/^©Sf^ 
<fc t> buIB^X 7 p-h > h (caS < IS 

(4) tuIB-7X7a-=i>hn-5(DPB#||}^a^^ 

* 1 le]J^±^D3l-rc:i:lcLfco 
[0 0 0 6] 

iS^/c^<0Mtgfi!cg^g«*X«^5^>(c, fifi-fe 20 

£ tf*g|&fflcDE77 X ^ -y 
iLT?X7n-3>h a— 5<£>1£lE#©i: LfcOT% 

-^S'iSgA^&So ft^T, A'X^-l'XDfia 
^^RSit-rSd^T^So TX7n-3>ha- 
■7©^IE(i, MfBff^^S§lc?c*LfcTX7D-3>h 
a-^Ofg^StfXSftte^iiltfX^ ^^©Jf 
{tCJ;»3HufE-7X7n— 3>ha-^tc##, YX7n 

- u y v d — 3 m ic ®m l tzmm vnm t mmm vnm t * 

^#ty^X7D-a>hn-;l/->XT-A?r®¥^#|iH 
T\ iS^ctfuEiTSC^TtSo 
[0 0 0 7] 

[HfiS^J] UT fc *^ {c^ § faffifiKftgBfc «fc tf Mffi 

&m<omi$.®-e&%i}\ *y->5>^fx cs i ho * « 

7c«Lfc;tfX#>^ 1 *->P)EI^L&^SJSSSg»cM5§ 
88 1 l±lciffij#2 K 7X7d-d>Fp- 7 4 1*5 
«fetfe«l#2 5tf815n, v^VtfX (S i 
2 He ) £7t«L/c;tfX*>^2:fr£ia^L&V\5JS$ 
SgfCieSgSSl 2±lcgl!)#2 2, 7X7D-3VhD 
-54 2*5<fctfgli!j#2 6#*»;£*lTVSo * 
-V UT^TXi: LT©7j<^A"X«:3?tSLfc^X^>^3^ 

e>»itss/t^gg ess ggg i 3±c«ai&#2 3, 2 

7, 2 8t3<t(E>*TX7a-3>'hn-5 4 SA^n^ftl 
St^tl, ^**X^r?t«L/c:* , X^^-<4A^mifeS so 



8S1 3»c«ttSn*««H 4±{c(iiK)#2 4*«Se»S 

nrv^Sc Hutewssi 2£, gssi 3<£>gij#2 3, 2 

9 eesi ^esi 3<dsk)#2 3, 2 

7tc&g;nsa5#£*g*rrs ! gsgi 6±ict±esi#3 

[0 0 0 8] MISSES 1 3±KSBlS2*lfcgt!)#2 3 £ 
SSI 7H\ 5g=M*ft»DE7^gg5 1 K«fi|*nTV« 

So coewjsss 1 tea, saiaastf*5 2 1> 

<OffX3Xi'-y^5 3, 5 4, • • • *'if ^tlT^So 
E73X-r -y ^£>ftfc>9 JCEE73 h ^VX-^a.— 9"«rffiV>T 

V\ 7X7n-3yhn- 5<D8itS»:5£ffl*5<fctf;tfX<D 

flCTSo §ll#OHBHttflW5->— y>-9— T?ff5 0 ?X 
7n- j > h D- 7 Olfff i >y ?«FWa, E73^§§ 
rtfcS^X*»ALT*3<o #*W0mi, ^*gj£5 
»BOyj~Xt^5i'>lc l ffl©JE;*j8»*:»l*fctf, c 

nicPSS #TX7P-3>hD-5glJfC 

[0 0 0 9] 7X7a-3>hD- 7<D^iEtt^©«fe3 
tcfT3 0 SI*, EX3^i§5 li3«fctfE*jSS5 
TX7D-3yhn-74 1, 4 2, 4 3tT*OlESrt 

So m^OE7J{c3iL/£^ iHigg£xf*5 2^?><Oiga 
^-^^r^^^L, SJSA^— ^fc%S^T'W<]gtB-r 
So ^(D^ ->-!r>+f-A^vX7n-3yhD-7 
C8MI»^fi^*3aiS 4: Riffle, ^X7n-n>hn- 
5 tc yj'X < fc ifrj&Bft S BMW 5. C©t 
# s TX7D-n>hn-7*y7hX^-l-$tTt 
<ki/\ E73§§§5 1 rtcDETj^^fcffiTL, ^ 1 <OE 
X3X^>y^5 3 3b^Aofc*6)->— -T-^it— tcrtj^^nfe 
*^TB#I?S£#'7> hL#3*bS„ E73^5 1 F*JCDE 
^JtfSecfiTbx ^2 0EX7X-f -y^5 4tfAof:%f» 

Hufe*-r-^»c t fcs#'j/>'h;§:ffit±-rSo c©w»c^i;fc 
Exasgis i pwiztjmtzvmmmffl. ^xoias*5 

<fca*E73^8§5 10rt«P«fc^6«^8IUI%limU 

fe e u tois^ l rc mmmm t am l t &ie -r s . 

[0 0 10] »»©*«*fco^TMiE*fT3*&B#fc 

S»-g-fC«, ->-^y*-^e.-7X7D-3> h D-7 

^ i:-rSTX7a-n>ha-^co{±1ti:l^a<D^X^ 
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[0 0 1 l] #;*#tJt&^ y\c±M<D& o m7D- 
3>hn-7 «IE#® *« a. fcSKfflx tf £ 4- > - v ;U/£fi 

0 1 0° Cfcl«LfcWjRt», ^/^^X^^t'J? 10 

T. <fx«)»5^>*«ifr*Ci:ft<«iEbfco ^b 
(#P)tl/cXlf^^i/-v;l/l£DMffiJ: 5 8 0 Q • 

Tfe5 0 20 

[0 0 12] ±BO«illl4:»ltr*fc», *5Sf»lc«fc* 

T, KJS^ggrtlc^Unv^x-^-fe^ hU **M£ 
^^yTCti^SD^Lfco >>x— /Nfflfi^l 0 l 0° C 

xu**s/+7i/rt«*ff^fcfce:5, xtf 
*4=-S/ + ;MI)l<Olt»tn[tt6 0 0 0 • cm-efe^feo ±12 

^ coffin Mofco 

[0 0 13] Mtc, *»BB»c«fc««SaE*®*«pfeav>« 

fc 0 ^x-AfiteM oio° cfcaLfcWusn?, 

->^;l/«fi*fTofc 1:215. x£**S/*;l/|K©jt«fii 
te6 0 0G • cmT'$^fCo ±E«fiO». SlSSSgci: 

*5 £ tftfc^tf* ffl <o v 7s -y u - n y h p - ^ o«SE*\ 
**^*;MBOJ±«tat4 1 2 0 0 • c mWofto IrI — so 



> ;i/«oitain:« 0 2 tc^ST^ l fcai d iz. mm 

^MB^^-prcc W±OlS*^6, 7X7n-n>bD 
[oo i 4] Hite*-re*Wfflttttf*5 2l:, 5. 0 

kg/cm 2 , 4. 0kg/cm 2 ^tf2. 5kg/ 

cm 2 <DEEf3^y^5 3, 5 4, • • • 

§S4 9 5. 4 m 10BE**»5 1 *#X«*&^-T >K 

C<««*nTl/^7;l/X^-;l/5 0 0 c c/#<D*/ 
'>7>fXffl7X7P-n>hD-7 4 HCOl/>T> Kl 

L,.Wiii^#Al/co E^7fT5. 0 
kg/cm 2 **abfcl»j»re»^3 1 *BB±Lfc 

g»WlC5. 2 kg/cm 2 icib/cfl ^L/Co C 

fco C(Ot#(0A"X?aSti2 6. 5° Ct8o/Co CCD 
B^T?^— -5r>U-— *^e>2. 5V (TX7a-nyhn 
-^4 10lH«PSMIia^A*U>^»0 — 5 V/0-1 
0 0%) (?)7tn^iai^X7o-3> 

4 UCffliP, V7hX^h^ HE*SS5 1ft^6v 

5, 3 0, 3 1 *BflttfCo VX7D- n>hn — ^4 1 

5 1 rtOEE^t^frcfSTLTl/^orco ^OS, JE^X 
-fy^53«5. 0kg/cm 2 **ttiU cn^HPf 

ic^^an^y h?nft 0 6 5. \w&. mz<Di£?i7s 

^f7f54^4. 0kg/cm 2 «ffiL/c 0 
[0 0 15] E^^rP, ttSteV. fflJK*Tfc-TSt. 
PoVo/To=Pi Vi/Ti 

*^vo#£>h4ncEE;bSgg4 1 ^£85 

mi,rcmmtfx<Dmm&. o° c, ime (7x7a- 

Vo/2 73= (5.0-4.0) / l. 033X495. 

4/ (2 7 3 + 2 6.5) Vo= 4 3 7.1 

a*«rX(0»«r««*Fr(N2) Fr(N 2 ) = V 

o/t TfcSfrS, 

Fr(N 2 ) =437.1/65.1X60 

= 4 0 2.9 ( c c /W) 

^^^m-T^t, Fr(SiH 4 ) =Fr(N 2 ) X C (SiH 4 )/ 
C(N 2 ) -efeSA^S. 

Fr(SiH 4 ) = 402.9X0.6 3/1.0 1 
= 251.3 ( c c /#) 
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aommt. m^Lrcmmmmm2 socc/» (=5 

00cc/»X2. 5V/5. OV) tC^LTO. 5% 
»miIE«T**i:*ijsr*tii:*^**o 

[0016] &rc. m i K:^-ra*»jffl«6i(*5 2 1, 

5. Okg/cm 2 % 4. Okg/cm 2 *5*tf2. 5 
kg/cm 2 (0E^7f 5 3, 5 4, • • • £%ffi 
Afcrt^ffl4 9 5. 4mlOE*SS5 1**X«l&7 
^>te««Lfc*ffl««SB£:fe^T, C^^Mfig 
■JcBli:<«K*tiTV>*7;l/X-!r— ;l/5 0 0 c c/# 

0^^7>^XfflVX7D-3>hD-7 4 1 tCO^ 10 

T. iftfiy**ffoft 0 ^x^ffl#Xtcte^> 

5. Okg/cm 2 *«mbfcBfraTi»#3 1*H± 
Lfc*ft 7^VrtO*E(»»lct 5E*««5-1 WOE 

5. 2 kg/cm 2 icitLfc*. 3t£L 
/co CO««"eiO»HB»U 3ffX©jBft*tttfft36 
2i±fc 0 C^fc#<D;tf;*i&S»i2 6. 5° Ct^9/*: 0 
CCDB#^T^>— y>"9— 1 . 0 V (YX7P-3> 20 

1 OlB^fffliaift^A^U^^ttO— 5 V/0 
-10 0%) 07ta^i^7X7n-3>bn 
-7 4 11:* V7bX^h^ EA8B5 1* 
e > vX7D-n>' 4 .1 tc^?:i< ftfe, iKl 

^2 5, 3 0, 3 lWfto 777U-3>hD-7 

SS5 lrt©BE*fe»^»c«TLTV^fco J£ 
5 3^5. Okg/cm 2 tftWL, Cftt 
Hrafc^vaWr* bShteo 16 1. im »2© 
JE^jX-Ty^S 4«4. Okg/cm 2 WLf: 0 30 

[0 0 17] E^^rP, *«^v, rSS^T^*r^^, 

PoVo/To = PiVi/Ti 

ffiL/-ca*^X©»««, 0° C, 1ME ("7X7P- 

Vo/2 73= (5.0-4.0) / l. 033X495. 
4/(2 73 + 26.5) Vo=437.1 

mma^com^^m^ FrQiz) t-t&t. ff(n 2 ) =v 

o/t 

Fr(N 2 ) =437.1/161.1X60 40 
= 16 2.8 ( c c /#) 

Mic, ty->7y^i:ii^X(?)3>;^3y7 7 

Fr(SiH<) =Fr(N 2 ) XC(SiH4)/ 
C(N 2 ) "P&S^S. 

Fr(SiHO =1 62.8X0.63/1.01 



= 10 1.5 ( c c /#) 

&LTmmiCzy—^r>^ib2. OV, 3. OV, 4. 0 
3 0 2. 2 cc/i\ 4 0 1. 5cc/»*ffto Cft 
[0 0 18] 

fi-fe > It t *»ffl<Off *j X*< y=f-t A fcBE*SS«: 

0, 7X7n.-3>hu-5i:*fflt», HR»ftBK£ 

a— zi> hu- ;l/5/XfA^ h — ^;I/T^-x >y ^T£C 
i:tf"e#*o *fc, «*Bric«SgBK:cr<-«Wk:«tt* 
tlTV^*WIWR«fflV^T, MA^iitYX7n» 

3 > h a— ^ORIE^ISft^x >y ^#?t5 C i:#"t?# 
So Mtc, #f§l|Bk:*5i/>"Oi. TX7n-a>hD-7 

[12] ^BBfecfctfSejRO^ratCct^TX^n-nv 
T, /W^E'J«^^Lfcl^T&3o 

[fiH§Ol&0£] 

2 1, 22, 23, 24, 25, 2 6, 2 7, 2 8, 2 
9. 3 0, 3 1 @®J# 

4 1, 4 2, 4 3 7X7P-n>hD~7 

5 1 ff^Sffi 

5 2 iBS-tr^-fr (ffliBJSSittO 
5 3, 5 4 JE^X-Y^y^ 
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17 5 9 




